Coordination of the cardiac-related discharges of sympathetic nerves with different targets. Am. J. Physiol. 267 (Regulatory Integrative Comp. Physiol. 36): R400-R407, 1994.-Partial coherence analysis was used to remove the influences of pulse-synchronous baroreceptor nerve activity (as reflected by the arterial pulse) on the coherence of the cardiac-related discharges of sympathetic nerve pairs in unanesthetized decerebrate cats. It can be predicted that the peak at the heart rate frequency in the ordinary coherence function relating the discharges of two nerves will be eliminated by either partialization using the arterial pulse or surgical baroreceptor denervation, if the central circuits controlling the nerves share baroreceptor inputs but are not interconnected. Contrary to this prediction, in many experiments the peak was not eliminated by partialization using the arterial pulse. Moreover, partialization often nonuniformly reduced the peaks at the heart rate frequency in the coherence functions for different nerve pairs. These results are consistent with a model of multiple routes over which baroreceptor influences are distributed to the central circuits controlling different sympathetic nerves. Specifically, we propose that the direct route from the baroreceptors to each of the central circuits is complemented by cross talk among the central circuits. baroreceptor reflexes; cross talk; ordinary and partial coherence; sympathetic nerve rhythm SYMPATHETICNERVEDISCHARGE (SND)containsacardiacrelated rhythm that in the cat has been attributed to the entrainment of central rhythm generators by pulsesynchronous baroreceptor nerve activity (4, 5). The cardiac-related rhythm is ubiquitous to sympathetic nerves with different targets (1, 5, 6). Moreover, the cardiac-related discharges of different sympathetic nerves are strongly correlated, as indicated by ordinary coherence values approaching one (1, 7).
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The primary objective of the current study was to define the mechanisms responsible for the strong coherence of the cardiac-related discharges of sympathetic nerves with different targets. Two hypotheses were considered. The first hypothesis is that the strong coherence of the cardiac-related discharges of different sympathetic nerves simply reflects the sharing of baroreceptor inputs by the central circuits controlling the nerves. The second hypothesis is that the sharing of baroreceptor inputs is complemented by cross talk among the central circuits controlling different nerves. These hypotheses were tested with partial coherence analysis. This computational technique (2, S-10) was used to remove the influences of pulse-synchronous baroreceptor nerve activity (as reflected by the arterial pulse) on the coherence of the cardiac-related discharges of pairs of postganglionic sympathetic nerves. It can be predieted that the peak at the heart rate frequency in the ordinary coherence function relating the discharges of two nerves will be eliminated by either partialization using the arterial pulse or surgical baroreceptor denervation, if the central circuits controlling the nerves share baroreceptor inputs but are not interconnected. In contrast, the peak will be eliminated by surgical baroreceptor denervation but not necessarily by partialization using the arterial pulse if cross talk occurs among the central circuits sharing baroreceptor inputs.
The results of the current study are consistent with the view that cross talk among the central circuits controlling different sympathetic nerves plays a role in mediating the influences of pulse-synchronous baroreceptor nerve activity on SND. The data also imply that the cross talk among the central circuits is nonuniform and dynamic.
METHODS
The protocols used were approved by the All-University Committee on Animal Use and Care of Michigan State University. The experiments were performed on 24 unanesthetized decerebrate cats, 17 of which were used in the companion study (8). That paper can be referred to for general procedures, methods of neural recordings and baroreceptor denervation, data analysis techniques, and use of the 95% confidence limits of Benignus (3) to compare coherence values in individual experiments.
Values in the text are means t SE.
RESULTS
Mathematical vs. surgical baroreceptor denervation. Figure 1 shows the relationships among left cardiac and left renal SND and the arterial pulse in two unanesthetized decerebrate cats. Most of the power in these signals was concentrated in a narrow band at the frequency of the heart rate (see autospectra in Fig. 1, B and D, left) . The other peaks in the autospectra of the arterial pulse are harmonics of the heart rate. As demonstrated with ordinary coherence analysis (Fig. 1, B and D, right), SND and the arterial pulse were strongly correlated at the frequency of the heart rate. These signals cohered as well at some of the harmonics of the heart rate, even though there was little power in the autospectra of SND at these frequencies. The cardiac-related rhythm in SND is also evident in the oscilloscopic traces in Fig. 1 , A and C. Ordinary coherence analysis further revealed that left cardiac and left renal SND were strongly correlated at the heart rate frequency (peak coherence value was 0.94 in Fig. 1B charges of the two nerves. In this case the lo-Hz rhythm was not a harmonic of the heart rate frequency. The results obtained with partialization using the arterial pulse (i.e., mathematical baroreceptor denervation) were dramatically different in these two experiments. In the first experiment, partialization eliminated the sharp peak at the heart rate frequency in the coherence function for the two nerves ( Fig. 2A, middle) . Elimination of a peak is defined by a reduction to the "background" level of coherence of the discharges of two nerves in the Z-to ~-HZ band. This effect mimicked that produced by bilateral section of the carotid sinus, aortic depressor, and vagus nerves (i.e., surgical baroreceptor denervation; Fig. 2A , bottom). The high coherence of the lo-Hz rhythms in cardiac and renal SND was essentially unaffected by either mathematical or surgical baroreceptor denervation. In the second experiment, partialization using the arterial pulse only modestly reduced the peak in the coherence function relating left cardiac and left renal SND at the heart rate frequency (Fig. 23, middle) . In contrast, surgical baroreceptor denervation eliminated the sharp peak at the heart rate frequency (Fig. ZB, bottom) . Furthermore, the coherence of the lo-Hz rhythmic discharges of the two nerves was enhanced after surgical baroreceptor denervation. The peak coherence values relating cardiac and renal SND to the arterial pulse were lower in this experiment (see Fig. 10 ) than in the one (see Fig. 1B ) in which partialization eliminated the sharp peak at the heart rate frequency in the coherence function for the two nerves. This, however, was not a consistent finding. As expected, the coherence functions for sympathetic nerve pairs after surgical baroreceptor denervation were unaffected by partialization using the arterial pulse (not shown).
The results obtained with partialization using the arterial pulse were unchanged when this signal was replaced by a standard lo-ms, 5-V square-wave pulse or a sine wave (2,4, or 8 V), the period of which was equal to that of the cardiac cycle. Thus, as expected with analysis in the frequency domain (2,9), the results obtained with partialization using a signal locked to pulse-synchronous baroreceptor nerve activity were not dependent on its shape or amplitude. The effects of partialization using the arterial pulse were compared with those produced by surgical baroreceptor denervation in 23 decerebrate cats. Mean blood pressure was 115 t 5 mmHg before baroreceptor denervation in these experiments.
Three sympathetic nerve pairs were studied: left cardiac-right cardiac, left cardiacleft renal, and right cardiac-left renal. The data are summarized in Fig. 3 . In the top graphs, the control ordinary peak coherence value at the heart rate frequency (3.27 t 0.07 beats/s) is connected by a line to the coherence value after partialization using the arterial pulse and by another line to the ordinary coherence value after surgical baroreceptor denervation.
In the bottom graphs, the reduction of the coherence value (i.e., difference between ordinary and partial values) at the heart rate frequency produced by mathematical baroreceptor denervation is plotted against the reduction of the ordinary coherence value produced by surgical baroreceptor denervation. The following points should be noted. 1) The control ordinary coherence values at the heart rate frequency exceeded 0.85 for each of the 69 nerve pairs. The ordinary coherence values at this frequency for the nerve combinations used in the current study are essentially indistinguishable (see Table 1 in Ref. 1). 2) Partialization using the arterial pulse significantly reduced the coherence value at the heart rate frequency in 12 of 23 cases for the left cardiac-right cardiac nerve pair, 22 of 23 cases for the left cardiac-left renal pair, and 20 of 23 cases for the right cardiac-left renal pair. In these cases, the value after partialization fell outside the 95% confidence limits (3) for the control ordinary coherence value. 3) Surgical baroreceptor denervation significantly reduced the coherence value at the heart rate frequency in every case. Although the coherence value at the heart rate frequency was significantly different from zero in all but two cases after surgical baroreceptor denervation, it should be stressed that the sharp peak in the coherence function at this frequency was always eliminated. The significant coherence after surgical baroreceptor denervation reflected the relatively weak locking of the irregular 2-to ~-HZ discharges of different nerves that replaced the cardiac-related rhythm (1,6). The ordinary coherence values in the 2-to ~-HZ band for the nerve combinations used in the current study are similar after baroreceptor denervation in unanesthetized decerebrate cats (see Table 1 . These cases are depicted by the filled circles above the identity line in the graphs in Fig. 3 , bottom. A residual sharp peak at the heart rate frequency appeared in the coherence function after partialization using the arterial pulse when the coherence value at the heart rate frequency was reduced less than that produced by surgical baroreceptor denervation (see Fig. 2B , middZe and bottom). Thus the peak was eliminated by partialization in only one case for the left cardiac-right cardiac nerve pair, six cases for the left cardiac-left renal pair, and in four cases for the right cardiac-left renal pair. There were no cases for the three nerve pairs in which partialization using the arterial pulse lowered the coherence value at the heart rate frequency to a significantly greater extent than did surgical baroreceptor denervation. Partialization using the arterial pulse often nonuniformly reduced the peaks at the heart rate frequency in the coherence functions for different nerve pairs. One such experiment is shown in Fig. 4 . Note that partialization eliminated the sharp peak at the heart rate frequency in the coherence functions for the left cardiacleft renal and right cardiac-left renal nerve pairs (Fig. 4,  midde traces) . In contrast, a sharp peak persisted in the partial coherence function for the left cardiac-right cardiac nerve pair. As expected, surgical baroreceptor denervation eliminated the sharp peak at the heart rate frequency in the coherence functions for each of the nerve pairs (Fig. 4, bottom traces) . The high coherence near 10 Hz after surgical baroreceptor denervation reflects the unmasking of the lo-Hz rhythmic discharges of the three nerves in this experiment.
After partialization using the arterial pulse, the coherence value at the heart rate frequency for left and right cardiac SND was significantly higher than that for left cardiac and left renal SND in 18 of 23 experiments.
The value for left and right cardiac SND was significantly higher than that for right cardiac and left renal SND in 17 of 23 experiments (Fig. 3) . The ordinary coherence values relating the discharges of the three nerves to the arterial pulse at the heart rate frequency were 0.86 t 0.02 (left cardiac), 0.87 t 0.02 (right cardiac), and 0.92 t 0.02 (left renal) in these experiments.
Effect of vagotomy on coherence of cardiac-related discharges of sympathetic nerve pairs. The results in Fig. 5 are representative of those obtained in three experiments in which the effects of partialization using the arterial pulse were compared before and after bilateral section of the vagus and aortic depressor nerves (henceforth referred to as vagotomy). The carotid sinus nerves were intact in these experiments. Before vagotomy, the sharp peak at the heart rate frequency the coherence functions for the left cardiac-right cardiac and right cardiac-left renal nerve pairs was little changed by partialization using the arterial pulse (Fig. 5A) . This was the case as well for the peaks at the harmonics of the heart rate frequency (see coherence function for right cardiac-left renal nerve pair). In contrast, after vagotomy, the sharp peak at the heart rate frequency was essentially eliminated by partialization using the arterial pulse (Fig. 5B) . This was the case even though the ordinary coherence values at this frequency were unchanged by vagotomy. Note also that vagotomy enhanced the coherence in the lo-Hz band, especially for the left cardiac-right cardiac nerve pair. Although not shown, the coherence of SND to the arterial pulse was not changed by vagotomy in this experiment.
Partialization using discharges of a third sympathetic nerve. The effect of partialization using the discharges of one sympathetic nerve on the coherence of the cardiacrelated discharges of two other nerves was compared with that of partialization using the arterial pulse. Partialization using the discharges of a sympathetic nerve was equated to the mathematical removal of the influences of the central circuits controlling that nerve on the coherence of the discharges of the other two nerves (8). Recordings of left and right cardiac and left renal SND were made in these experiments. The coherence functions in Fig. 6 are representative in that they show a greater reduction in coherence of the discharges of the three nerve pairs at the heart rate frequency after partialization using the activity of the third nerve in the triad than after partialization using the arterial pulse. Note also that partialization using the discharges of a sympathetic nerve reduced the coherence of the activities of the other two nerves over a broad frequency band.
The results obtained in 24 decerebrate cats are summarized in Fig. 7 . The format of this figure is the same as in Fig. 3 , except that the results obtained with partialization using the discharges of a sympathetic nerve replace those produced by surgical baroreceptor denervation. The coherence value at the heart rate frequency (3.27 t 0.07 beats/s) was reduced to a significantly greater extent by partialization using the discharges of the third nerve in the triad than by partialization using the arterial pulse in 20 of 24 cases each for the left cardiac-right cardiac and left cardiacleft renal nerve pairs and in 19 of 24 cases for the right cardiac-left renal nerve pair. There was one case for the right cardiac-left renal nerve pair in which the reduction was significantly greater after partialization using the arterial pulse. Twenty-three of the 24 animals in this series were the same as those used to compare the effects produced by mathematical and surgical baroreceptor denervation. Surgical baroreceptor denervation was not performed in the remaining experiment.
DISCUSSION
As expected, surgical baroreceptor denervation eliminated the peak at the heart rate frequency in the coherence functions relating the discharges of sympathetic nerve pairs. Elimination of the peak by partialization using a signal reflecting pulse-synchronous baroreceptor afferent nerve activity should also occur under ideal conditions if the central circuits controlling the nerves share baroreceptor inputs but are not otherwise nerve pairs produced by partialization using AP and discharges of 3rd nerve of triad in 24 decerebrate cats. Format as in Fig. 3 . Data points were identical in 2 expts for lCN-rCN nerve pair (bottom left).
